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SUMMARY
290 %7

Expanded magnesium was fgund to be superior to perforated
magnesium in A1C13-MgClp/ACL-838 static tests.

The effect of the atmosphere on the active chlorine content
of the cathode was found to be minor up to 72 hours exposure.
However, as much as 10% active chlorine loss was noted during the
normal 3-4 minute delay between cell activation and load applica-
tion. Lithium hypochlorite was found to be too soluble in aqueous
solution for use as a depolarizer. Self-discharge occurred.

The effect of a large number of variables on nonaqueous ACL
discharge characteristics was determined. The addition of proton
donors to the cathode mix was ineffective. Attempts to pre-
oxidize the acetylene black with ACL-85 and molecular chlorine
were unsuccessful. Conducting additives were introduced into the
cathode mix. It was found that acetylene black can be partially
replaced by graphite. This should reduce the final system electro-
lyte requirements. Metallic additives were not effective. Electro-
lyte aging was found to severely affect ACL-70 decomposition in
nonaqueous solution.

The Li/LiCl04(MF)/CuFp system showed voltage and cathode
efficiencies approaching 3.0 volts and 70% respectively, at 0.05
amp/in.2. Metallic additives, which might have made copper
deposition more reversible, did not improve the performance of the
system.
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aqueous tests improved the cathode efflclen01es in the Li/ACL-T0
cell, This 1s attributed to a decrease in ACL-70 scolubility and
the resulting reduction of self-discharge effects.
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Short lengths (4 ft) of ACL-85 tape cathodes were prepared
and evaluated dynamically. Problems were encountered with tape
wet-out and adhesion to the current collector. Several modified
current collectors were designed and fabricated in order to improve

tape discharge characteristics. z !
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I. INTRODUCTION

Early in this contract, a new aqueous tape couple, based on
magnesium and trichlorotriazinetrione (ACL-85 R") in acidic electro-
lyte, was develgped. Static cells operated routdnely at 2.4 volts
and 0.5 amp/in.<. Cathode efficiencies were high (70-80%) but
erratic. Energy densities in excess of 300 watt-hr/lb of tape
system (excluding electrolyte) were obtained. The variations in
cathode efficiencies were traced to the use of an acidic electro-
lyte, a necessity for high current densities. At low pH, chlorine
evolution occurred reducing the available active chlorine content.
A change to a different acidic electrolyte helped, but did not
completely resolve this problem., It was determined that cathode
decomposition could be avoided if neutral electrolytes were used.
In addition, anode gassing was reduced. Lower current densities,
however, were necessary with the neutral system because of con-
centration polarization effects. Sixty to seventy per cent 5
cathode efficiencies were obtained at 2.0 volts and 0.05 amp/in.“.

Lithium and magnesium anodes were tested for compatibility
with numerous nonaqueous electrolyte systems. As a result, the
lithium work was emphasized. It was determined that only one
chlorine atom was being utilized when ACL active chlorine compounds
were used as nonaqueous oxidizing agents.

Emphasis during the third quarter was placed on nonaqueous
cathode research, limited electrolyte studies, aqueous tape
preparation, and dynamic test apparatus modification.




IT. HIGH ENERGY COUPLE RESEARCH

A. AQUEQUS ANODE RESEARCH

Research in this area was limited this quarter to the determin-
ation of which type of magnesium (perforated or expanded) performed
better in acidic electrolyte tests. These two types of_magnesium
were discharged statically against machine-made. ACL-85
cathodes in A1Cl1l3;-MgCl, electrolyte. The tests were carried
out using both the normal static test cell, and the dynamic
apparatus (without tape movement). The discharge characteristics
are shown in Figure 1.

In both test cells, the expanded magnesium was superior
to perforated magnesium. This indicates that gas polarization
is an important factor. We expect that as better cathodes are
prepared, less electrolyte will be required, there will be
less gas polarization, and better voltages will be obtained.

B. AQUEOUS CATHODE RESEARCH

1. Acid Pretreatment of Acetylene Black Conductor

It has been shown that drying the acetylene black conductor
prior to cathode formulation cuts down ACL-85 activity 1loss
during processing but does not eliminate it. These losses can
be held to about seven per cent.

A nitric acid pretreatment of acetylene black was tried to
clean the surface and also to improve electrolyte wet-out. The

~ o2

procedure consisted of a nitric acid wash, a water wash, and
acetone rinse followed by vacuum drying at 200°C for 18 hours. No
significant improvements in electrical performance or electrolyte

wet-out properties were observed.

2. Effect of Aging in Ambient Atmosphere on Activity Retention
of ACL-85 Tape Cathodes

If absorbed water on acetylene black is an activated
hydrolysis agent for ACL-85, then atmospheric moisture absorbed
after tape processing may also be detrimental. A study of the
effect of air aging on activity retention of ACL-85 (65 wt-3%)
tape cathodes indicated some activity loss after 72 hours'
exposure to the atmosphere. Results are summarized in Table 1.

3. Chemical Losses During Activation

The effect on electrochemical performance of decreasing the
time lapse between activation and load application was evaluated.
Conventional static cell test techniques involve wetting out the
cell before enclosing it in the cell holder. Comparisons were
made in which tapes were wet-out after enclosure in the cell,
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Table 1

EFFECT OF SHORT TERM AGING ON ACTIVITY RETENTION OF ACL-85
TAPE CATHODES

Aging Time, Per cent Original Cathode Efficiency¥*
hr Activity Retained on Discharge
4 93,93 69,69
22 | 92,94,93 69,77,74
72 90,89,87 69,62,58
96 86,90 73,67

¥ Based on analyzed ACL-85 content just prior to discharge.

Table 2

THE EFFECT OF TIME LAPSE BETWEEN ACTIVATION AND LOAD
APPLICATION ON ACL-85 ACTIVITY RETENTION

Experimental Conditions: Cathede-65 wt% ACL-85, Anode-primary Mg
Electrolyte-1.5M A1Cl3-+0.5M MgCl,
Cell area- 3 inches?
Current-1.5 amperes
Capacity
Cell No. When Activated amp-min. Cathode Efficiency
804502-1 Before enclosing A 22 68
804502-3 After enclosing 19 77




saving several minutes in electrolyte contact time. A typical re-
sult is shown in Table 2 for two similar cells prepared from the
same cathode batch.

From these experiments it would appear that some 10% chemical
loss is incurred by a 3-4 minute delay between activation and load
application. This would tend to support the supposition that dynamic
testing should result in higher efficiencies.

4, Addition of LiClOy to Electrolyte to Promote Wetting

Small amounts of a 2M lithium perchlorate solution were added
to the aluminum chleoride-magnesium chioride mixed electrolytes in an
effort to promote wetting. Some wet out improvement was noted, but
overall performance was unchanged.(Table 3).

5. Inorganic Pibers as a Cathode Reinforcing Filler

A silica-alumina fiber (Fiberfraxqa-Carborundum), was found
to be a suitable cathode mix reinforcing agent. Results are shown
in Table 4,

At high current drains, voltages and efficiencies are some-
what low, presumably owing to the nonconducting properties of the
ceramic fiber. At low current drains (in neutral electrolyte)
performance is good.

6. Lithium Hypochlorite Depolarizer

A sample of LiOCl was received from Foote Mineral Company.
The assay was T72% LiOCl, 22% NaCl, and 2.8% Hy0. Since LiOCl has
a coulombic capacity of 54 amp-min/g, it is of considerable interest
in both aqueous and non-agueous research. Although this material
is soluble in water, 80% of the active chlorine remained in the
solution five minutes after the salt was dissolved.

Tapes were prepared with compositions similar to standard
ACL-85 tapes. These were tested in A1Cl,.MgClp and (MgClOy peleétro-
lytes., Open circuit potential in acid wés 2.7 volts, and in neutral
solution was 2.5 volts. In both cases the cathode polarized rapidly
and only 1.0 amp-min could be obtained above 1.5 volts in either
electrolyte. The total capacities of the tapes were approximately
20 amp-minutes.

C. NONAQUEOUS ANODE RESEARCH

1. Lithium

Several methods for removing surface contamination from
lithium ribbon anodes were studied this quarter. A methanol-
benzene wash followed by a benzene rinse was suggested by the Foote
Mineral Company. This method proved inferior to the methanol wash
and scraping procedure that is currently used. A methanol
-%ch ahd ethyl ether rinsé was the best cleaning method



Table 3

Mg/AlClB'MgCl-LiCqu/ACL-BB TAPE_CELLS DISCHARGED
AT 0.67 amp/in.?

Cell Cathode Efficiency (1.5 V.cuteoff)%
Standard (No LiCl10y) 62, 70
LiC1l0y Added 70, 59, 50, 76
Table 4

DISCHARGE OF ACL-85 TAPE CATHODES CONTAINING SILICA-ALUMINA
FIBROUS REINFORCEMENT

Cathode Formulation: 65 wt-% ACL-85, 30% Acetylene black,
5% Fiberfrax

Anode: Primary magnesium

Cell: 3 in.° area with 4-mil dynel separator

Ave. Cathode
Capacity Current Voltage, Efficiency
amp-min. amp Electrolyte volts %
80488-2 18 0.15 2M MgBr, 2.10 63
80488-3 16 0.15 2M MgCl»o 2.10 70
80488-4 31 2.00 2M AlCl3-O.5M HC1 2.30 57
80488-5 38 2.00 1.5M AlCl3-O.5M MgCl, 2.20 63



discovered. We have delayed the use of this procedure until
additional dry box facilities are avallable.

2. Lithium-Magnesium Alloy

The use of lithium alloy anodes might allow the use of
advantageous electrolyte combinations that are incompatible with
lithium metal alone.

A magnesium-lithium alloy (LA141A) was obtained from Brooks
and Perkins, Inc. This material has a 1:2 atom ratio of Li/Mg.
The material was tested versus ACL-85 in A1Cl3 (1M in acetonitrile).
A compariscn test with primary magnesium showed no improvement
for the alloy material (see Figure 2).

D. NONAQUEOUS CATHODE RESEARCH

l. Effect of Variables on ACL Discharge Characteristics

a. Effect of Acid

Because of the beneficial effect of acid in ACL-85 aqueous
discharges, attempts were made to include proton donors and Lewis
acids in the nonagueous tapes. An acid-washed carbon was used
in a tape with LiCl10j4(MF). The carbon was prepared by washing
Shawinigan acetylene black in aqueous HCl. It is known that
this treatment changes the wetting properties of carbon, and
presumably HC1l is adsorbed. Since the discharge data showed a
deleterious effect for this carbon, no acid number was determined
(Cell No. 81347 vs 81337). Pertinent discharge data are compiled
in Table A-1.

Another ACL-85 cathode tape was discharged in methyl
formate with a morpholinium hexafluorophosphate electrolyte.
This electrolyte is known to be acceptable with lithium anodes,
and the amine hydrogen would be a weak proton donor (such as in
the NHy + ion). Again there was no improwvement in discharge
over that of the LiCl0y(MF) system (Cell No. 81351).

An A1Cl3-LiCl electrolyte was prepared in methyl formate (MF)
following the procedure of Chilton and Cook (ref. 1). AlCl
was added to MF, followed by LiCl. The final concentration
was 0.75M AlCl3 and 0.63M LiCl. This Lewis acid electrolyte
appears to have improved the ACL-85 discharge (Cell No. 81352).
There was only slight gassing noticed at open circuit. The final
tape appeared too dry for effective operation. The addition of
Lewis acids warrants further investigation for ACL cathode electrolytes.

b. Effect of Processing Variables

(1) Purification

Cathode processing wvariables are known to be important in
the production of good tape cathodes. Purification procedures
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involving pre-oxidation of SAB with ACL-85 and treatment of
electrolyte solutions with activated charcoal were carried out.
The data are shown in Table 3.

Of these pre-treatments, electrolyte purification with
charcoal is the only one which warrants further experimentation.

(2) Chlorine Pre-treatment

A prechlorination of SAB and Darco G-60 with Cl, gas was
attempted in order to chlorinate any sites that might decompose
ACL-70. SAB adsorbed 10% of its weight in chlorine, and
Darco G-60 activated charcoal adsorbed 40% of its weight in
chlorine. Methyl formate adsorbed 5.6% chlorine. These values
were determined by iodimetric titration.

Elemental chlorine was found to poison the SAB, and the
standard test showed 6% utilization of ACL-70 at >2.0 volts.
Chlorine adsorbed on Darco G-60 was mixed with SAB and discharged
in a Li/LiC104,(MF) cell. At 0.1 amp/in. only 3 minutes
capacity (~5%) was obtained to a 2.0 v cut-off voltage.

c. Effect of Conducting Additives

Shawinigan acetylene black (SAB) is our standard cathode
carbon material. Its good electrical conduction properties,
however, are accompanied by the need for a large amount of wet-
out electrolyte. An attempt was made this quarter to replace
some portion of the SAB with other types of lower density carbon
supplied by the Cabot Company. It was hoped that the resulting
decrease in the electrical conductivity of the cathode mix would
be more than compensated for by reduced electrolyte requirements.

ACL-70 was tested using various types of carbon and graphite
in the cathode mix. Various metal catalysts, supported on carbon,
were also tried. Some of these were commercial preparations
while others were prepared in this laboratory as metals supported
on SAB.

The effect on the cathode performance of changing the amount
of carbon fibers present was also studied.

The results of these tests are shown in Table A-2.

(1) Graphite

It is seen that micronized graphite can be used to partially
replace SAB (Cell No. 85334 vs 85325). More work is planned ihn
this' area when electrolyte requirements are measured.



HOBTQq 3uaTL330®v uBBTUIMERYS = g¥YS

393BUIOFTAUISH = AW

25 BVARS 01 18 2'n 6 €02 09-b 00JdBQ M dW-“"0TOT1 9TESE
™ 6°6 '8 0°9 6°€ 9°9 £°0¢2 avs # JdW- 01011 28 3°T:]
9% 501 €6 7°6 he G501 £°0e (P3Tap 3j0u) GE=TOVY+dW+"0TOTT A VS 8TESH
2T 1583 e G 1 €0 L 21 €-02 PSTJAP PUB JW-"OTOTT # 4VS L1£498
A0°2 18307 A 0°2¢< A G 2¢ A D°t< T8UTd TBTITUT FUEILCEREENE] ‘ON 1180
UoTIBZTTTANY
180 TWaYd0x308TY

utu-due Ysai3jo8de)

(2 Le0'0 = 843QTd O ‘B GE°0 = QVS ‘¥ G9'0 = 0L-TOV ‘p up/due 01°0 = Q")
NOGHYD MO FLATOMIOATA 40 INIWLVAMIAMd HIIM STIZD 0L-T0Y¥/(dW) "OTOVI/T1

G atqel

10



(2) Carbon Fibers

Increasing the amount of carbon fibers improves the
performance, although it may increase the electrolyte requirements
of the cell (Cell No. 85328, 85325 vs 81364 Table A-1).

(3) Other Types of Carbon

The Cabot carbon samples showed definitely inferior
performance compared with SAB.

(4) Catalysis with Noble Metals

Initial results (Quarterly Report No. 2) suggested that
the ACL-70 reduction could be catalyzed by platinum. Many
attempts at catalysis followed. It now appears that processing
variables are more important than catalysis. The percentage
utilization remains at 50% in all of these tests with ACL-70.
The jodimetric titration on the spent tape, however, shows that
all the capacity is not used.

The "initial capacity"” value reported in Table 7 1is that
of the ACL-70 before blending with the carbon black. Separate
iodine determinations have shown that the loss due to mixing is
negligible. These cells are assembled from dry materials in the
glove boX.

d. Effect of Trichlorotriazinetrione (ACL) Source

Monsanto ACL-85GD was compared to the competitive CDB—SSQ3
product. Both materials were tested with catalyzed SAB. The
data are shown in Table 6

There is no apparent difference in performance between
ACL-85 and CDB-85. Both are almost 100% trichlorotriazinetrione.
CDB-85 has the smaller particle size. All of the results above
are definitely superior to earlier experiments reported in our
second quarterly report using non-catalyzed carbons.

e. Effect of ACL Structure

Analysis of our past data indicates that the least ionic ACL
compounds are the best cathode materials. Thus, ACL-70 is better
than ACL-59, and ACL-59 will not discharge unless lithium ions
are present in the electrolyte. The following activity order was
determined from these data:

11
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C1l Cl Cl

\\r/N V4 74ﬁ \\Y/N V7
ﬁ \% :> IL\;J: :> % \k
. h 1 h .
g i c1 % el
ACL-T70 ACL-59
We suspected that electronically deactivated intermediates {such
as (A) below] might be the cause of our ability to remove only

one chlorine atom from either ACL-70 or ACL-85.

© , ® o 1®
Cl\N N Cl\N/!\N
/L\,) /L\ E)
07 N7 SO 0% 0

L &

(A)

We have attempted to use Lewis acid coordinating agents to

reduce this deactivation. Aluminum chloride reacted with lithium
and was, therefore, unsatisfactory. Trimethylborate was found

to be compatible with lithium. We hoped to form (B) by the
addition of this compound to the electrclyte.

Vaiil T atw

(B)

(B) was expected to discharge more readily than (A).

The results of the test indicate no improvement due to
methyl borate addition (Table 7). A test with 1M Al1Cl3 plus 0.5M
LiCl in methyl formate showed no improvement (Cell No. 81400 vs 81364
Table A-1).

14




f. ACL-70 Stability

A study was made of ACL-70 decomposition in methyl formate-
LiC1l0, electrolyte as a function of time. However, two batches
of electrolyte were used and it is evident from the results that
the decomposition rate is a function of electrolyte age. Very
little decomposition occurred when the electrolyte was fresh.
Severe decomposition occurred with old or contaminated electrolyte.
Electrolyte left lightly capped on the bench-top for 48 hours
showed some evidence of contamination. In these experiments 0.65 g
of ACL-70, 0.35 g SAB, and 0.027 g of carbon fibers were slurried
with 10 ml of 1M LiCl04,-methyl formate for various periods of
time. The results of the active chlorine analyses on these
samples are shown in Table 8.

2. Dichlorobenzoguinonediimine Cathodes

As mentioned in the second quarterly report, dichlorobenzo-
quinonediimine (DCBQDI) could be a better chlorine donor in
nonaqueous solvents than ACL compounds. A sample of DCBQDI was
prepared from phenylenediamine dihydrochloride and a sodium
hypochlorite solution. The KI/I, analysis gives 0.0175 eq/g
or 3.0 equivalents/mole for this product. Using this material
in a cell similar to ACL, there was considerable capacity but
poor voltage for the Li/LiC10, (MF)/DCBQDI cell (see Figure 3).

Dichlorobenzoquinonediimine was tested with LiCl-<DMF
electrolyte. The result was no better than that reported above.

3. Inorganic Fluoride Cathodes

a. Cupric Fluoride

CuF, has approximately the same theoretical capacity
(amp-hr/g) as ACL-70. Against lithium anodes, CuF, efficiencies
were found to be higher and voltages lower than with ACL-70.

The Li/LiCl10,/CuF, system (see Figure 3) showed voltages
approaching 3 volts. Two tests (0.10 and 0.05 amp/in.2) gave
efficiencies of 69% and 66% based on 100% active CuF, materials.

‘Metal additives were tested in the cathode to attempt to
improve CuF, discharge rates. The approach was to include
materials on which the plating of copper might be more reversible
than on amorphous carbon. Copper, platinum black and graphite
were tested as additives. The results are shown in Table 9. No
improvement was noted.
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. : Table 8

EFFECT OF LiCl0y-METHYLFORMATE AGING ON ACL-70 ACTIVE CHLORINE CONTENT

ACL-70 Contact Percent Initial
Time Electrolyte Active Chlorine
(min) Age Remaining

5 fresh 96
15 fresh 96
60 fresh 96

5 fresh+48 hr 93

5 0ld(>1 month) 85

16
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Oscilloscope voltage interruption traces on CuF, were
similar to those obtained with ACL-70.

b. Silver Difluoride

AgF, was tested as a nonaqueous cathode component in a
lithium cell. The Li/AgF, open circuit potential was stable
at 3.65 volts, but only 9 minutes' capacity could be obtained
at 0.10 amp/in.2 (Figure 3). AgF, was apparently too soluble
in the methyl-formate/lithium perchlorate electrolyte resulting
in self-discharge of the cell.

4. Determination of Cell Polarization by the Interrupter
Technique

" The use of interrupter techniques to measure polarization
of porous cathodes is complicated by the poorly defined electrode
surface area and the fact that, on breaking the circuit, internal
currents flow through the porous structure until concentration
and potential gradients are equalized. However, we have analyzed
the characteristics of a Li/LiCl10,, methyl formate/trichloro-
isocyanuric acid cell using this technique.

The initial IR drop is about 0.1 v. (Figure 3). This is the IR loss
due to the Li-electrolyte and carbon resistance. ‘1he IR builds
up, however, so that within 0.5 second it is about 0.5 v. This
is due to movement of the reaction interface deeper into the
porous cathode. Finally, a gradual build-up of polarization is
evident that is not an IR effect and instead is due to a
concentration polarization.

This - information on the discharge limitation 1is
obtained by observing the potential decay when current is
applied, and the potential recovery when the circuit is opened.
The results are shown in Figure 4. These oscilloscope traces
were photographed at various times during the constant current
discharge of a Li/LiC10, (MF)/ACL-70 cell. Analysis of these
curves is open to question because internal currents can flow
within a porous system when the external circuit is opened.
However, from these oscillograms it appears that the IR of the
system is approximately 0.1 volt and does not change during the
discharge (this is the immediate polarization from OFF to-ON).
A resistance builds up during discharge, however, so that after
about 0.5 second the IR becomes about 0.5 volt (this is the
immediate polarization relaxation from ON to OFF). This effect
also does not change much with increasing discharge time. This
accounts for practically all of the polarization observed during

19
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the first 5 minutes. The polarization that becomes more
prevalent at increasing discharge times is slow to relax (be
recovered) and is probably a concentration polarization.

Data on the agueous system shows the same type of trace
(Figure 5). However, the initial polarization (IR buildup)
occurs very rapidly. Later in the discharge, the primary difference
from the MF case is the fast recovery of the cell to almost the
initial open circuit potential. This type of data is easily
obtained during a discharge, and the OFF time of the cell is so
small as to be inconsequential. We hope that as more cells are
studied in this way a more positive analysis of polarizations can
be achieved, and that this will aid us in designing better tape
cells.

It was possible that precipitation of LiCl in MF was limiting
the cathode discharge. Hence, the ACL-70 cell was tested with
DMF-LiCl electrolyte. The current density of 0.10 amp/in.2 was
unobtainable because of lithium polarization.

5. Propylene Carbonate as an Electrolyte Solvent

Propylene carbonate was tested as a solvent using LiC1lO,
and A1Cl3-LiCl as electrolyte salts. These were tested in
Li/ACL-70 cells, and neither electrolyte could support more
than 20 ma/in.2? in these cells.

6. Limited Electrolyte Experiments

Excess electrolyte has been used in almost all of the
previously reported nonaqueous couple data. Attention was
focused on chemical problems, and the effective utilization of
cathode materials. The attainment of high energy densities,
however, requires the strict use of a minimum amount of electrolyte.
For this reason, some cells were discharged with minimum electrolyte
volumes to see what effect this would have on cell performance.

Our most useful nonaqueous electrolyte solvent is methyl
formate. The determination of the minimum electrolyte requirements
in this case is very difficult since this compound boils at 32° C.

In our first approach to this study, an attempt was made to
saturate the glove box with electrolyte vapor while the cell
was discharged as usual. A minimum separator was used, and no
reference electrode was included in the assembly. Electrolyte
requirements were high. A bag cell was then designed and the
cathode was pressed dry (without methyl formate) before being
placed in the bag. The results of these tests are given in
Table A-3. 1In these tests the pressure used to compress the test
cell was also measured. In Table A-3, initial amp-minute
capacities are calculated from the weight of electroactive
compound used for the experiment. Efficiencies in excess of 50%
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have been obtained, and at the end of the test, active material still
remained (based on iodimetric titration). In several tests, electro-
lyte was added during the run. The amount added is in parentheses.

The results of the tests thus far indicate that cathodic
efficiencies are improved by using less electrolyte (Table A-3,
85346 vs Table A-1, 81364). It is possible that the low efficiencies
obtained earlier were due to the solubility and chemical decomposi-
tion of ACL-70. With less electrolyte, less ACL-70 is soluble.

We feel that a number of variables may be important in the
reduction of the amount of electrolyte necessary for most efficient
cell operation. These variables include:

decreasing carbon content

replacing acetylene black with graphite
decreasing separator thickness
decreasing current density

. adding electrolyte as needed

using increased test pressure

. cathode formation pressure

~N U W N

Table A-3 shows the initial results of this study. It is
evident that tape cells can be run with 80% ACL-70 (Cell No. 85354).
Whether graphite can be used to replace some of the remaining carbon
black has not been tested. It can be shown, however, that graphite
does not reduce cell performance (Cell No. 85349). Cells can be
run using only a 3 mil separator (Cell No. 85355) but the cathode
efficiency 1s poor. Adding electrolyte incrementally, as needed,
could be beneficial (Cell No. 85353). Because of evaporation
losses (methyl formate bp. 32°C), the effect of the addition of
small amounts of electrolyte is difficult to measure. Increasing
the test pressure above 1 1b/in.Z2 appears to offer no advantage
to electrolyte requirements or to general performance (Cell No.

85353, 85358).

We believe that a more gas-tight cell must be designed before
reliable data can be obtained. We intend to develop such a cell
and to study the cathode processing variables and the optimum
time and position for electrolyte addition.

The LiOCl test, (Cell No. 85348, Table A-3) was performed with
the 72% active material received from Foote Mineral Company. This
material was soluble in the electrolyte. Furthermore, 5 minutes
after dissolving 0.1 g of this material in 5 ml of LiCl0Oy(MF), only
70% of the active chlorine remained in solution. LiOCl reacted
vigorously with dimethylformamide. PFrom the above cell discharge
it 1s evident that LiOCl is too soluble in LiClO4(MF). LiOCl may be
useful in other electrolytes. 1In addition, other hypochlorites
(NaOCl) might be used with LiC10y(MF). These combinations will be
fried using a minimum electrolyte cell design.
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IITI. TAPE CELL CONFIGURATION

Prior to actual dynamic runs, a series of tests were
conducted in which static data were taken utilizing the dynamic
tester current collector plate. By measuring electrolyte and
pressure requirements in this manner, we hoped to have a better
estimate of variables for the moving tape experiments.

A major problem associated with previous dynamic experiments
was the necessity for large electrolyte excesses to avoid tape-
collector plate adhesion. With sufficient electrolyte to avoid
sticking, the experimental energy densities were low. We feel
that less electrolyte will be used when more coherent tapes are
prepared and when the frictional forces are reduced. More
coherent tapes can be made by forming denser tapes, and by using
more binder and fibrous materials. A change in binder may be
needed since PVF 1is somewhat soluble in acid. Smoother tape
surfaces, a more friction-free collector head and less pressure
on the tape during discharge will also aid dynamic performance.

Cathode tapes are being made by hand casting and by machine
rolling. Both types of tapes adhere to the dynel separator
fairly well. The machine-made tapes operate slightly better
than the hand cast tapes.

We find that the smoothest and most coherent tapes are
prepared by machine rolling with absorbant paper between the
rollers and the cathode mix, and by using maximum pressure. Tape
templates are also cut from blotting paper. Four-foot lengths
have been made in this manner, and are now being tested.

The wetting of the tape with minimum electrolyte demands
excellent tape wet-out properties, since the electrolyte must
reach the separator, and since large pressures cannot be applied
at the time of activation.

Several approaches can be taken to solve the wet-out problem.
The first is to wet the electrode totally or partially through
the anode side. Another approach is the addition of a wetting
agent to the electrolyte or the cathode tape. Also, micro-
encapsulation could solve the problem. The only method tried
thus far has-been the addition of a wetting agent (p-toluene-
sulfonic acid) to the electrolyte. No improvement was evident
from this single test.

At present we are testing tapes in static cells and analyzing
the effect of cathode formation and testing pressures as functions
of electrolyte type and volume, and the current density. Also
we are studying optimum electrolyte placement as a function of
time and position. This is being done in the static cell test
using hypodermic electrolyte addition and in the dynamic test
unit, using pump addition of electrolyte through the collector
plates.
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Iv. DYNAMIC TESTER MODIFICATION

Early in the quarter a leak was detected in the dynamic
tester current collector plate. The need to fix this malfunction
led to a re-evaluation of the current collecter geometry.

Several new collector heads were designed and fabricated
(Figure 5) to give versatility to the dynamic test assembly.

Two types of porous graphite plates have been fabricated.
They allow electrolyte to seep into the cathode collector either
at the front edge only (Figure 5a) or over the entire collector
plate (Figure 5b). We hope that the diffusion process will give
a better distribution of electrolyte than from holes in the
collector plate.

A third collector plate design is shown in Figure 5c. In
this design the current through each section can be measured
individually. Also, the electrolyte feed to each section can be
controlled individually. The advantage of the "L" shape design
is that corrosive electrolytes do not interfere with electrical
contacting. Separate contacts for voltage and current measurement
are used to eliminate electrical contact voltage loss due to
poor clip connections to the collector plate.
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V. FUTURE PLANS

A. AQUEOUS SYSTEMS

1. Major emphasis during the fourth quarter will be placed on
the preparation of an optimized dynamic tape system. The apparatus
previously described (ref. 2) for the preparation of continuous
KIOy tape cathodes will be reactivated, and applied to the manu-
facture of smooth, coherent ACL-85 cathodes. In addition, a
rotating disc current collector will be constructed in order to
reduce the friction problems associated with pulling the cathode

-~ 4 o~ ]

mix across a 51”8.5)11.1.«;(: collector pJ.a.tc-

2. Fluoboric acid (HBFL) will be tested as a possible acidic
electrolyte.
3. A neutral electrqlyte system (e.g. MgClp) will be optimized

for the Mg/ACL-85 couple. Offsetting the necessity of operating
at low current density should be the advantages associated with
the elimination of gassing at both the anode (Hp) and cathode (Clp).

L, Thin beryllium foil has been obtained. This material will be
evaluated statically in KOH solution as a high energy anode material.

5. Carbon flocking (perpendicular addition of electrostatically
charged carbon fibers to a tape separator) will be investigated as
a method for the improvement of cathode integrity.

6. Liquid cathode studies will begin with the Mg/KBr/Brp system.

B. NONAQUEOUS SYSTEMS

1. Minimum electrolyte requirement work will continue in the
Li/LiC10y(MF)/ACL-70 and CuFp systems. A new static test cell
which will facilitate this work, has been constructed.

2. Lithium hypochlorite will be run vs lithium in KPFg-methyl
formate electrolyte. Any KOCl formed may reduce the solubility
of the oxidizing agent, and the subsequent self-discharge of the
cell., Other hypochlorites contalnlng cations compatable with
lithium metal [K¥, (CH3) 4N*, Cat?] will be obtained, if possible.

3. A 4:6 lithium-magnesium alloy will be tested with methanol,
acetonitrile and water as electrolyte solvents.
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Table A-1
DISCHARGE DATA OF VARIOUS CATHODES IN EXCESS METHYL FORMATE VERSUS LITHIUM ANODES
65% Active Material in Cathode Mix

3 in.® Electrode Area
I=0.10 amp/in.2

asp-minute capacities
No. System Yariation Initial™ End Electrochemical Cathode
>3.0v »>2.5v >2,0v  Total Weight(gm)

. Comparison Data from 2nd Quarter
81337 L4/LAC104{MF)/ACL-85 19.2 4.0 1.8 4.5 5.4

7.5 0.894

81342 Li/L1C104(MF)/ACL-TO 1%.8 2.0 3.0 6.3 7.2 8.7 0.77T4
; Acids
81347 LA/L4C104(MF) /ACL-8B5 SAB HCl wash 23.7 8.7 o 0 3.6 7.5 0.924
81351 Li/MPFs(MF)/ACL-85 MPF, 21.0 2.1 2.1 3.0 5.1 0.990
81352 L4/A1C1s-LAC1(MF) /ACL-85 A1Cls-LiC1 27.3 3.0 4.5 5.1 6.9 1.386
Darco--ACL-70
81350 Li/L4CL04(MF)/ACL-T0Q 16.1 2.8 3.3 6.0 7.2 8.7 0.916
81353 " 1/2 11.1 1.% 2.2 3.3 . 3.6 4.2 0.605
81355 " week later 12.2 1.0 2.1 3.0 4.8 7.2 0.689
81354 L1/A1C1s “LAC1{MF)/ACL-70 A1lCla°LiCl 11.6 - 1.0 1.2 2.1 2.4 3.3 0.652
Process Variables for Li Cl04(MFIACL-70 Cells
Without TCE and PVF
81357 Immedinte Tests 19.4 5,1 4.5 8.4 9.9 12.0 1.027
81358 " 15.7 3.0 3.3 6.0 6.6 11.4 0.806
81366 " 16.2 k.9 3.6 5.7 6.3 8.1 0.881
81364 " BEgPgln 20.7" 2.6 4.5(m) 6.9 7.8 9.3 1.027
81367 1 Day wait 13.9 3.5 2.7 6.0 6.6 7.8 0.747
With TCE and PVF .
81363 4 Days wait 16.1 3.6 3.6 7.5 8.7 9.9 0.875
81374 8 Day walt 17.2" 1.5 3.6 6.9 8.1 11.4 0.848
With PVF, no TCE
81368 Immediate test 20.2" 5.1 3.9 6.9 8.7 9.9 1.000
Dichlorobenzoquinonediimine
81371 L1/11C104( MF) /DCBQDI 18.3 0 - 0.6 5.1 9.6 1,028
Cupric Fluoride""
81359 L1/L1C104( MF) /CuFa 16.5 - 9.9 11.4 0.80
81361 n 1/2 16.5 2.2 9.6 10.8 0.80
Silver Fluorides"

81360 L1/L1C104( MF) /AgFs 11.0 - - - 0.80
81369 L1/KPFs( MF) /AgF2 11.0 1.8 2.1 2.4 0.80
81373 L1/KPFe(MF) /AgF 6.3 - - 0.3 0.80

® Based on chlorine analysis before tape preparation

## Bagsed on 100% active material
{m) Reached this value after initial lower values

TCE = Trichloroethylene
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